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U&&es. This study sought to determine the immediate 
e&cts of lung transplantation on right ventricular morphology 
and fundor in patients with variahle degrees of pulmonary 
hypertensioo and to evaluate these features as potential markers 
of inunedlate outcome. 
&kgmuud. Selected lung transplant recipients wi’b severe 
preoperative pulmonary bypertensioo have previously heen &own 
to bave a reduction in right ventricular size and improved 
ftmction at folkuv-up evaluation. 
Methudk Thirty-two consecntlve patients (mean [%SD] age 
44 f 11 years) were proqectively classified into tbtee groups 
accord@ to their pretrunsplantation puhnonary artery systolic 
pressures severe pulmonary hypert, nsivr group 275 mm Hg, 
intermediate pulmonary hypertensive grw~p d(l to 74 mm Hg and 
non-pulmonary hypertensive group <4tl mm Hg. Hemodyuamic 
and transesopltageal echocardiograpbic variables were measured 
immediately hefore and after hmg transplantation. 
RassJrs. pulmonary artery systolic and mean pressures mark- 
edly decreased after transplantation in tbe severe pulmonary 
hypertensive group (from 115 2 26 to 45 f 19 mm Hg and from 
76 2 14 to 31 i: 11 mm Hg, respectively, both p < 0.05). Ivfean 
pulmonary artery pressure decreased in the i.r!ermediate group 
(from 34 * 7 to 76 + 7 mm llg, p < 0.95.). ‘Xigltt ventricular 
end-diastolic area, end-systolic arca and eccc.trlcity index de- 
creased in the severe pulmonary hypertensive group after ttans- 
plantation. End-diastolic area also decreased ix the intermediite 
pulmonary hypertensive gtuup. Right ventricular Practiooal area 
change was not significantly dillerent behvceon gwups and did not 
change consistently after transplantation. Thrrc patients with 
severe pulmonary hypertension wbo bad continued depression of 
right ventricular lit&ion after transplantation died in the imme- 
diate postoperative period. 
Conclusions. Lung transplantation is associated with an imme- 
diate decrease in pulmonary artery pressures and tight ventrics- 
lar size and normalization of septal geometry but variable changes 
in right ventricular 81nction. Continued depression of right 
ventricular fractional areu change may be a potential marker of 
poor outcome. 
(JAm Cot7 cardid 1996;27:384-91) 
Lung transplantation is being performed with increasing fre- effects of lung transplantation on right ventricular morphology 
quency in patients with end-stage pulmonary disease from and function in a relatively large series of patients with variable 
several causes (l-9). Patients with associated pulmonary hy- degrees of pulmonary hypertension have not been defined. 
pertension may have right ventricular hypertrophy, dilation, Accordingly, this study sought to assess the immediate intra- 
dysfunction and alteration of ventricular septal geometry. operative effects of lung transplantation on right ventricular 
Lung transplantation has been associated with significant size, ventricular septal geometry and right ventricular function 
reductions in pulmonary artery pressures in patients with in patients with and without pulmonary hypertension, to 
preoperative severe pulmonary hypertension and improvement determine the potential relation of these variables to changes 
in right ventricular function when studied several days to weeks in hemodynamic variables and to determine whether these 
after lung transplantation (10-14). However, the immediate measures may he potential markers of patient outcome. 
--- 
from the Diiions of Cardiology, Anesthesiology and Cardiuthoracic 
Surgery, University of Pittsbwgh Medical Center, Pittsburgh, Pennsylvania. This 
work was presented in part at the 42nd Annual Scientific Session of the 
America0 college of Cardiolo#, Anaheim, California, March 1993. 
Matt~ript received April 14,199s; revised manuscript reeeiwd July 7,1995, 
accepted September 26.1995. 
Methods 
: Dr. John Goman 111, Division of Cardiology, 
Utkiwsity of Pittsbtugb Medical Center, UM Lothmp Street, Pit&burgb, Penn- 
sjvania 15213-2582. 
Thirty-two consecutive patients, (mean [SD] age 44 t 11 
years, range 20 to 64, 24 women, 8 men) undergoing lung 
transplantation were prospectively studied. The study was 
approved by the Institutional Review Board for Biomedical 
Research. Clinical characteristics are shown in Table 1. Arte- 
rial and pulmonary artery catheters were inserted for measur- 
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Tabte 1. Patient Demographics 
Pulmonary Hypertension 
Severe Intermediate None 
(n = 10) 
490 3959 
MaWfemale O/l0 
sii/dtmble-lung tlal@amtion 4/6 
Diagwsis 
Primary pulmonary hypertension 5’ 
Eisenmettger’s p@dogy 4 
SaroJidosis 1 
CWniccbsuwtkepulmonmydii 0 
Qiicfihrak 0 
Alphqantitrypsin defidency 0 
Bronehieaasis 0 
siii 0 
Puhnonmyfi~ 0 
(It = 11) 
455 10 
4n 
St2 
1‘ 
0 
1 
2 
2 
3 
0 
1 
1 
‘One severe and intermediate puhnonmy hypertensive patient each had a 
second lung tnmsplantation operation. Data presented are mean value + SD or 
number of patients. 
Figmpl. T~eehocardiographieiamge,tranwe~faar- 
chamber view, from a patient &II severe p&may byperten~ion 
demoastrating measurement of dilated tight venuicular cavity at 
end-diastole immediately before lung traqiaatation. 
ing systemic arterial, right atriai and pulmonary artery pres- 
sures and thermodilution cardiac output, respectively. A 
Data analysis Digitized echocardiographic images were 
S-MHz single-plane, biplane or multiplane transesophageal 
analyzed off-line (Image Vue, Nova Microsonics) by investiga- 
tars blinded to all other clinical data. Right ventricular end- 
transducer was used with an ultrasound system (model diastolic and end-systolic areas from the transverse four- 
77025A, Hewlett-Packard). Ivlultiple fine manipulations of the chamber view were measured by tracing the endocardial 
transesophageal probe were performed to obtain the image border as previously described (17-21,23) (Fig. 1). Values were 
with the maximal long-axis dimension of the right ventricle in reported as the average of at least three cardiac cycles. We 
the transverse four-chamber view. This image oriectation have previously shown the intraobserver and interobserver 
included the right ventricular apex and biited the atrioven- variability to be less than 211% using these quantitative 
tricular valves as previously descrii (14,lS) to attempt to echocardiographic inethods (23). Right ventricular fractional 
ensure that comparable images were obtained both within and area change, [(End-diastolic area - End-systolic area)/End- 
between patients. Semiquantitative assessment of tricuspid diastolic area] x lOO%, was calculated as an estimate of 
regurgitation was made with color Doppler gain se!tiny systolic function (17-21,23). Depressed fractional area change 
adjusted just below the level of color noise (16,17). was defined as ~30% (24). 
Transgastric midventricular short-axis images here ob- Septal geometry was assessed using the midventricular 
tained to assess ventricular geometry using the left ventricular short-axis image to calculate the eccentricity index, defined as 
papillary muscles as anatomic landmarks and orienting the the ratio of the left ventricular anterior-to-posterior dimension 
image plane with the left ventricle as circular as possible with to the septal-to-lateral dimension at end+stole (Fig. 2) (17). 
uniform wail thickness. Although left ventricular shape may Tricuspid regurgitation was graded semiquantitatively using 
h!ve been altered by right ventricular pressure overload, this maximal turbulent color Doppler jet area as previously de- 
imaging orientation has been standardized in previous echo- scribed (15,16). 
cardiographic studies to assess septal geometry (15,18-21). All Patients were prospectively classified into three groups 
echocardiographic data were recorded during simultaneous accorC:ag to their pretransplant pulmonary artery systolic 
recordmg of invasive hemodynamic variables and were re- pressur:, +:>~ed as follows: severe puhnoni hypertensive 
corded during end-expiratory apnea to minimize cardiopulmo- group, w&,9 peak pulmonary artery systcjlic pressures 
nary interactions (22). Data sets were acquired after the ~75 mm Hg; intermediate pulmonary hypertensive g&p, wizh 
induction of anesthesia but before lung transplantation and peak pressures 40 to 74 mm Hg; and non-pulmonary hyper- 
immediately after reperfusion of the lung ailograft, once tensive group, with peak pressures ~40 mm Hg. These group 
hemodynamic stability was achieved. Postoperative inotropic ings were arbitrariiy based on the definition of severe pulmo- 
and vasopressor agents to optimize cardiac output and qs- nary hypertension from previous studies and on values of 
temic pressure were used at the discretion of the awsthesiol- puhnmary artery pressures below which pulmonary hyperten- 
ogist and surgeon, who were blinded to the echocardiographic sion may be considered cUnicaUy insigniticant (7,12,14-27). 
data. AU patients were followed up to hospital discharge to StatIstis Results are expressed as mean value + SD. 
d&amine their postoperative smvival. Statistical sig&cance for measures before and after lung 
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Fignra 2. Tramgastric midventricular short-axis echocardiographic 
huage from a patient with severe pulmonary hypertension demonstrat- 
ing a dilated right ventricle (to left of image) and small left ventricle (to 
right of image) with a flattened and displaced ventricular septum and 
a markedly abnormal eccentricity index of 2.0 before lung transplan- 
tation. 
transplantation was determined using a hvc-way repeated- 
measures analysis of variance after a variance-stabilizing trans- 
formation followed by an appropriate multiple compcrison 
procedure with p < 0.05. The eccentricity index was correlated 
with mean pulmonary artery pressures using least-squares 
linear reqression analysis to determine the relationship be- 
tween septal displacement and pulmonary hypertension. A 
Fisher exact test was performed to determine any association 
between persistent depression of right ventricular function 
immediately after transplantation and patient mortality (28). 
Table 2. Hemodynamic Data and lnotropic Therapy Immediately Before and After Lung Transplantation 
___- 
Sew2 Pulmonary InYmediate PI 8;znary Non-Pulmonarv 
HR (beatrlmin) 
MAP (mm Hg) 
RQ (mm W 
PAS (mm :.&, 
PAD @” W 
PAM (mm Hg) 
Cl (litetimin per m’) 
DOB (& per min) 
DOP (@@kg per min) 
H:,~~:cnbive Group 
Before AllU 
922 19 992 17 
75+11 62 t 11’ 
14 c 6 I? 2 h 
ll5?26 45 f 191 
54: 11* 24 f 1llt 
76 2 14’ 31 + 117 
2.1 t 1.4$ 2.6 2 0.6 
4.5 2 4.4* 1.3 r 7.5’ 
(n = 6) (n = 7) 
0.2 5 0.6 I.4 + 1.0 
Demographic data from the three patient groups are shown 
in Table 1. Other than gender, there were no significant 
demographic ditferences between patient groups. There were 
IO patients with seycre pulmonary hypertension (mein age 
39 2 9 years), of whom 4 underwent single- and 6 double-lung 
transplantation. These patients all required cardiopulmonary 
bypass for the transplant procedure, and four also had con- 
comitant repair of congenital defects (two atrial septal defects, 
one ventricular septal defect and one patent ductus arteriosus). 
There were II patients with intermediate pulmonary hyper- 
tension (mean age 45 _C 10 years), of whom 9 underwent 
single- and 2 double-lung transplantation. There were 11 pa- 
tients with non-puimonary hypertension (mean age 48 + I2 
years), of whom 6 underwent single- and 5 double-lung transplan- 
tation. No patient with intermediate or non-pulmonary hyperten- 
sion required cardiopulmonary bypass. The decision for double- 
lung iransplantation was generally based on the underlying 
disease process and donor availability as previously described (7). 
Hemodynamic effects. Hemod:inamic data for all groups 
are sholvn in Table 2. Pulmonay artery pressures were differ- 
ent between the groups by dehnition before transplantation 
but were simkr after transplantation (Fig. 3). Pressures 
immediately decreased in all but three patients who continued 
to i:-:*.e reduced but persistent significant pulmonary hyperten- 
sion: 79/30, 68/34 and 65/47 mm Hg, respectively. No signifi- 
cant changes in right ventricular preload as measured by the 
right atrial pressure occurred in any group. Heart rates were 
similar both before and after transplantation. Systemic mean 
arterial pressures were similar for the groups before but were 
lower after transp!antstinn in thr patients with preoperative 
severe pulmonary hypertensiou. Although the cardiac index 
Hypertensive tiruuV 
-. - . -- 
BVfOK After 
Xl f 12 Y4+ 16 
x2 2 I6 hb f 15 
10x4 Yk4 
47 + 7 3Y r 9 
25 i 6 19 + 6 
3427 26 2 7t 
2.9 + 1.0 2.9 + ‘I 8 
1.8 ir 3.4 0.Y z 2.0 
(n = 3) (n = 2) 
- 0.9 2 1.0 
nlztorc AflU 
_- 
x4+15 98 t 31 
79 f 10 x4 2 19 
1124 YC2 
!? -c 6 32 2 6 
29 -c 3 17 2 3 
25 2 4 2323 
2.4 2 0.6 2.4 2 0.8 
- 1.u 5 2.u 
(n = 3) 
- 1.0 c I.0 
(n r 1) 
_  I  
(n = 7) (n = 5) \- “I 
NE @g/kg per min) 
(II = 6) EL - Y, 
- 0.2 _+ 0.6 Ii2 n fl - 0.1 t 0.4 - - 
(n = 4) (n = 4) 
‘P < 0.05. sww vefuls intermediate and nnn-p~ll.n~ary hypertensive group. tp < 0.05, before versus after transplantation. $p c 0.05, severe versas intermediate .._.. _... I~ . -.-_, -me u m t
PalmoW hypertensive group. Data presented are mean value 5 SD. CI = cardiac index; DOB = dnbutamine; DOP = dopamine; HR = heart rate; h$AP = mean = i ;   rt r t ; MAP   
Systemic arterial pressure: NE = norepinephrine: PAD = pulmonaly artery diastolic pressure; PAM = pulmon&y artery mean pressure; PAS = pulmonary anev : v m sure: n n v ~ rw 
systolic pressure; RAP = mean right atrial pressure; - = none. 
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was similar between groups after transplantation, more of the 
severe pulmonary hypkrtensive group patients required ino- 
tropic support after transplantation (Table 2). 
Tricuspid regargitation. Color Doppler da‘s to assess tri- 
cuspid regurgitation were incomplete or technically limited in 
one patient before transplantation and two patients after 
transplantation. No patient in the intermediale or nonpulmo- 
nary hypertensive group had more than mild tricuspid regur- 
gitation before or after transplantation. Six severe pulmonary 
hypertensive group patients had moderate or severe tricuspid 
regurgitation before transplan:ation (Table 3). Four of these 
patients had no or mild tricuspid regurgitation after transplan- 
tstion, and two had moderate regurgitation with persistent 
pulmonary hypertension. 
Before After 
Figm 3. Pulmooary artery systolic pressures in all patients immedi- 
ztely before and after lung transplantation. P.H. = pulmonary hyper- 
tension. *p < O.tKMl versus intermediate and non-pulmonary hypcr- 
tension groups. 
Right ventricular size and Function. Right ventricular 
chamber size reflected by end-diastolic areas before transplan- 
tation was significantly greater in the severe pulmonary hyper- 
tensive group than the intermediate and non-pulmonary hy- 
pertensive groups (Fig. 4A). Immediately after transplantation, 
decreases in end-diastolic area occurred in the severe and 
intermediate pulmonary hypertension groups to values that 
were similar to those in the non-pulmonary hypertensive 
group. Changes in end-systolic area occurred oniy in the severe 
pulmonary hypertensive group immediately after transplanta- 
tion (Fig. 413). There was a trend for group mean right 
ventricular fractional area change to be lower in the severe 
pulmonary hypertensive group before transplantation (24 t 
14) than in the other two groups (40 t 8 and 36 t 8, 
Table 3. Patients With Severe Pulmonary Hypertension . . 
Age (YY 
PI No. Gender Diseease Period Graft PAS WEDA RVESA FAC El TR 
_ .- 
1 31/F EP, ASD Before 90 18.Y lb.4 13.2 1.5 0 
After Double .38 12.5 h.3 44.2 IU II 
2 411~ PPH Eteforc 7Y 24.1 15.7 31.X I.0 3 
After Double 24 I3.Q WI 2s. I I II II 
3 52/F PPH Before I.32 14.? 145 I.4 Ih I 
After Double 32 5.3 2x 4-2 I4 0 
4 43iF Sarcoid nefore 84 17.7 1U.h 40 I l.B 2 
After hngle 43 IO.3 4.h ,. i - 1.1 
5 31/F PPH Before I50 2.w 127 . _ 2.h 2 
Aftftrr Double 3Y 1 I3 12.1 4% (I Y ,I 
h* 43/F EP, PDA Elek1re I-w 4O.Y 33 3r.2 3.1) ,3 
After Double 23 19.8 Ih.5 Ih.7 1.1) - 
7* 2liF EP, VSD Before Iti8 43 2-l.h I h.7 2.3 3 
After Single 79 29.5 143 I F.Y I.h 2 
tl* SW PPH Before 91 17.0 I2.h 3.8 
After Single 65 15.0 IU.6 3.3 1 
- 
j 
9 38,‘F EP. ASD Before 12 19.1 Ih.? 15.0 l.h 1 
Alier Single h8 23.3 I8.S 21.1) - 0 
IIJ 45/F PPH Before II9 20.H Ih.9 19.0 2.0 3 
After Double 38 8.2 4.8 41.u 1.3 I 
- 
‘Patient dii during postoperative period. ASD = atrial septal defect; El = eccentricity i&.x EP = Eimnmeogrts pbysiilogy: F : female; FAC = fractional 
area change; PAS = pulmonary artery systolic pressure (mm Hg); PDA = patent duchrs aneriow; Period = before or after lung transplantation: PPH = primary 
pulmonary hypertension: RVEDA = right ventricular end-d&& area (cm’); RVESA = right ventricular end-systolic ares (cm’): TR = tricuspid regurgitation 
severity (0 = none; I = mild: 2 = moderate; 3 = severe): VSD = ventricular septal defect; - = none. 
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Sevem PM. lnfermedlele P.H. Non-PM 
Befom Afler Befom Afier Before After 
Severe P.H. 1 Intemediate’P.H 
T I. 
I 
Non-P.H. 
After 
c 100 
2 moo 
P 
e 
P 
t 
po 
0 t; 
e20 
E 
0 
Before After Before After 
I. 
: 
Non-P.H. 
-- 
Before After 
pulmonary hypertension. Immediately after transplantation, 
the eccentricity index decreased significantly with reduction in 
pulmonary art :ry pressures in the severe pulmonary hyperten- 
sive group to 1.2 -C 0.2, which was similar to that in the other 
hvo groups: 1.0 2 0.1 and 1.1 i: 0.1, respectively. The 
cczzntricity index remained abnormal in three patients after 
lung transplantation (Table 3). 
Imme&a:e patient outcome. Six of these 32 patients died 
before hospital discharge, after transplanta!ion. Three patients 
died in the immediate postoperative period, arbitrarily defined 
as <21 days after operation. All three patients were from the 
severe preoperative pulmonary hypertension group and died 
on postoperative days 1,2 and 15, respectively. Causes of death 
were acute lung allograft failure from either diffuse hilar 
interstitial hemorrhage in one patient or diffuse alveolar 
damage in the remaining two patients (Table 3). All of these 
patients had low right ventricular fractional area change values 
~30% before transplantation that failed to increase by at least 
5 percentile units or by 20% of baseline values immediately 
after transplantation. This persistent depression of right ven- 
tricular function was statistically associated with death within 
48 h after operation (p < 0.006) and remained associated when 
extended to the first three postoperative weeks (p < 0.001). In 
the two patients who died within the first 48 h, immediate 
pulmonary artery pressures after transplantation were 23/M 
and 65/47 mm Hg, and cardiac index was 3.5 and 1.9 liter&in 
per m’, respectively. These variable hemodynamic responses 
were not predictive of immediate outcome. One patient from 
the intermediate pulmonary hypertension group and two from 
the non-pulmonary hypertension group died on postoperative 
days 24, 23 and 31. Causes of death were sepsis, allograft 
failure and multiorgan system failure, respectively. Depressed 
right ventricular fraction area change immediately after trans- 
plantation was not associated with a poor outcome in these 
patients, who died >3 weeks after transplantation. 
Discussion 
Chronic prey ure overload from pulmonary hypertension 
leads to right dtntricular hypertrophy and dilation, ventricular 
Fiie 4. Indexes of right ventricular (RV) size and function in patient 
groups immediately before and after lung transplantation. P.H. = 
pulmonary hypertension. *p < 0.001, severe versus intermediate and 
non-pulmonary hyperten&e patients. **p < 0.05 severe versus inter- 
mediate pulmonary hypertensive patients. ‘p < 0.05 before versus 
after lung transplantation. 
septal displacement and a variable degree of right ventricular 
dysfunction (10-14.25-27). Ritchie et al. (14) previously de- 
scribed decreases in right ventricular size and improvement in 
function to occur eithin weeks after single-lung transplanta- 
respectively, p = 0.06). Fractional area change did not consis- 
tion in patients with sezre pulmonary hypertension before 
tently change in any group immediately after lung transplan- 
transplantation. Kramer et al. (12) also reported improvement 
tation demonstrating variable esponses (Fig. 4C). 
in right ventricular function in four pulmonary hypertensive 
Ventricular septal geometry. Before transplantation, the 
patients undergoing single-lung transplantation. The present 
eccentricity index was 2.0 t 0.5 for the severe pulmonary 
study extends these observations to a larger and more hetero- 
hypertensive group, which was significantly higher than that for 
geneous group of patients undergoing lung transplantation. As 
the other patients, who had a similar group mean eccentricity 
expected, significant differences in right ventricular morphol- 
index of 1.1 2 0.1, p < 0.05. The eccentricity index correlated 
ogy and function were found in patients with variable degrees 
with mean pulmonary artery pressure: r = 0.87, y = 0.01x + 
of pulmonary hypertension before transplantation. Successful 
0.6, SEE 0.2 (Fig. 5). This suggests that the degree of abnormal 
lung transplantation may result in significant immediate alter- 
leftward septal shift was significantly related to the degree of 
ations in these variables, and variable changes appear to be 
related to the degree of preoperative pulmonary hypertension. 
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Figure 5. Results of the correlation of eccentricity index with mean 
pulmonary artery (PA) pressure in patients before lung transplanta- 
tion, demonstrating a significant relation. 
In patients with severe pulmonary hypertension before trans- 
plantation, continuation of depressed right ventricular func- 
tion immediately after lung transplantation was zsociated with 
a poor immediate outcome. 
Rigbt ventricular morphology and Rmetion. Reduction in 
right ventricular size in patients with preoperative pulmonary 
hypertension appears to be primarily related to the immediate 
reduction in right ventricular afterload associated with lung 
transplantation. Right ventricular size may also have been 
decreased by the reduction in volume overload from dimin- 
ished tricuspid regurgitation and the normalization of ventric- 
ular septal position, both of which improved with the reduction 
in pulmonary artery pressures (14,21). Improvement in septal 
geometry may also affect global cardiac function because of its 
known effects on leti ventricular diastolic function (29,30). 
These findings are consistent with observations in patients who 
have had other forms of acute afterload reduction, including 
vahruloplasty for pulmonary stenosis (31) and mromboendar- 
terectomy for pulmonary artery thromboembolic disease (21). 
Acute reduction in afterload in patients with aortic valvular 
stenosis has similar effects on left ventricular size after surgical 
correction (32,33). 
Although an improvement in right ventricular ejection 
would be anticipated after marked reductions in afterload 
(lo-14), this was not consistently observed. Several possible 
factors may have contriiuted to this variable response, al- 
though the precise mechanism is unknown: 1) Patients with 
significant tricuspid regurgitation had a form of afterload 
reduction into the lower pressure right atrium before trans- 
plantation, whiih may have increased fractional area charrge 
values and masked right ventricular dysfunction. Reduction in 
tricuspid regurgitation and right ventricular volume overload 
along with septal normalization may have infhtenced biven- 
triadar filling and geometry, which may partially account for 
the variable improvement after transplantation (29,30). 
2) Several patients with severe pulmonary hypertension re- 
quired inotropic support after transplantation to maintain 
similar measures of cardiac index among groups This may be 
rLiated, in part, to the increased compiexity of the surgical 
procedure in patients with concomitant congenital heart dis- 
ease and to the potential myocardial stunning effects of 
cardiopulmonary bypass that was selectively used for the 
severely pulmonary hypertensive patients (3435). It is of 
potentia! ir?portance that all three of the patients who died in 
the imr;leaate postoperative period were from the severe 
pulmorary hypertensive group and had low right ventricular 
fractio,lal area change values before transplantation that per- 
sisted immediately after transplantation. Persistent depression 
of r ight ventricular function may suggest either inadequate 
aft:rload reduction from a&raft dysfunction or intrinsic right 
ventricular failure. The relatively small numbers of patients 
who died in this study and the variability in the immediate 
response of right ventricular dimensions to lung transplanta- 
tion may limit this study’s ability to characterize relations 
between responses and survival conclusively. Although the 
immediate cause of death was considered to be lung allograft 
failure as previousiy described (36), continued depression of 
right ventricular function may be a potential marker for poor 
outcome. 
Study liitations. A potential limitation of the present 
study is that estimates of pulmonary vascular resistance were 
not available. Although this calculated index has been sup- 
ported as a measure of right ventnctiar afkrload, pulmonary 
capillary wedge pressure could not be reliably measured in 
50% of the severe pulmonary hypertensive group patients, and 
accordingly pulmonary vascular resistance could not be calcu- 
lated (25). Another limitation is that the geometric shape of 
the right ventricle complicates measurement of its size and 
function by echocardiography as well as ,by other imaging 
methods, including iodinated contrast angiography and radio- 
nuclide angiography (37,38). Although limited by two dimen- 
sions, the use of internal anatomic landmarks to guide image 
orientation used in the present study has been shown to 
minimize error (17~20), and echocardiography has been shown 
to be a ciiically useful tomographic method to estimate 
changes in right ventricular volume (l&39,40). Furthermore, 
the images obtained from the tramesophageal approach pr@ 
vide high quality data that may be usefid in the operating room 
to assess vascular anastomoses and manage patients undergo- 
ing lung transplantation (41,42). In addition, the degree of 
ventricular septai displacement asses.4 by the e&cudio- 
graphic eccentricity index correlated significautiy with pidmo- 
nary pressures and may be potentially used as an adjunctive 
index of the degree of puhnonay hypertension in these 
patients. 
An&her liiitatioo of this study is that fractional area 
change, like ail ejection phase indexes, is dependent on loading 
condidons. previous observations in patients with severe heart 
failure receivmg mechanical circulatory assistance have shown 
ri&t ventricular ejection to increase with reduction in puim@ 
nary artery pressure rather than increasing right ventricular 
contmctiiity when assessed by v-area relations (43.44). 
Altbougb similar r&ttiy load-independent v-area 
relation data are not available in the present study, these data 
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on right ventricular ejection appear to be clinically useful. In 
palkular, impairment of right ventricular contractility is sug- 
gested in the patients who did not increase right ventricular 
fractional area change despite reductions in pulmonary artery 
pressures. 
Conclusions. The immediate effects of lung transplanta- 
tion on right ventricular morphology and function are 
variable in patients with differing degrees of preoperative 
pulmonary hypertension. Although there does not appear to 
be a uniform immediate improvement in right ventricular 
systolic function in all patients, this may be related to the 
immediate success of the lung allograft. The absence of 
improvement in a depressed right ventricular fractional xea 
change value immediately after lung transpiantation among 
patients with severe pulmonary hypertension may be an 
indicator of poor outcome, although further study is re- 
quired to validate this observation. 
We are grateful to Christine Mahler. MS for expert statistical analysis. 
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